Wereport here findings in a 51-year-old Japanese man with non-insulin-dependent diabetes mellitus whocomplained of exercise-induced cramps. Muscle biopsy showed scattered regenerating fibers, small angular fibers and increased PAS positive particles. Electron microscopic examination revealed an abnormal accumulation of glycogen particles in subsarcolenmmal areas and between myofibrils while chemical studies showedan increased glycogen concentration and decreased phosphoglycerate mutase (PGAM), 46.9% of the normal mean value. Thus, partial PGAM deficiency, insulin resistance and mild diabetic sensory-motor polyneuropathy can induce severe cramps. (Internal Medicine 35: 799-802, 1996) 
Introduction
Phosphoglycerate mutase (PGAM)deficiency (glycogenosis type X) has been documented in 6 patients (1-6). These patients complained of intolerance to intense exercise, myalgia, cramps and often pigmenturia. Five patients had PGAM-M(MMform of the enzyme) deficiency, as determined by point mutation on chromosome7 (7) . Wereport here a case of partial PGAM deficiency with clinical features of PGAM-Mdeficiency, including morphologic characteristics.
Case Report
A 5 1 -year-old Japanese manwas admitted to our hospital in August 1994 complaining of painful muscle cramps. He had been doing well until two weeks before admission, when he developed painful muscle cramps after physical work, and perspiration during hot weather was excessive. Painful cramps occurred in the calves of his legs, thighs, arms and chest wall following a motorcycle ride and the cramps persisted for half a day, even at rest. Diabetes mellitus and a fatty liver had become evident during an annual health examination for adults in 1992. The 75 g oral glucose tolerance test revealed the fasting plasma glucose level to be 99 mg/dl and two hour level to be 249 mg/ dl. The insulinogenic index was 0.82. These data met the World CTscanning of the skeletal muscular system revealed widening of spaces between muscles of the upper legs. There were some small patchy areas of low density and "moth-eaten aspects" in muscles. In the lower legs, the gastrocnemius muscle was more diffusely infiltrated by the low-density tissue, bilaterally.
Written informed consent for muscle biopsy was obtained from the patient. A muscle biopsy of the gastrocnemius muscle was done about two monthsafter a bout of severe muscle cramps. Histological studies showed fiber splitting, small angular fibers, increased centrally placed nuclei, regenerating fibers and increased PASpositive particles in the subsarcolemmal areas ( Fig. 1 ). Ultrastructural studies also showed increased glycogen particles in the subsarcolemmal area and between myofibrils ( Fig. 2) .
Biochemical studies; The tissue sample was frozen immediately in liquid nitrogen and stored in a -80°C freezer and shipped to Genica Pharmaceuticals Corporation (MA, USA).
The normal control was a muscle biopsy obtained from an individual shown to have parameters in the reference range, histologically and biochemically. The control muscle biopsy tissues were stored in liquid nitrogen and the normal control was run with each assay. This protocol of assays followed the clinical laboratory procedure manual guidelines from the National Committee of the United States of America for clinical Phosphoglycerate Mutase Deficiency standards (8) . Carnitine palmityl transferase activity was normal. The content of glycogen was slightly increased. Measurement of individual glycolytic enzymes revealed moderate but selective decrease of PGAM, the value of which was 46.9% below the mean of normal control (Table 1) .
Discussion
The clinical features seen in our patient differed from those seen in subjects with ordinary muscle cramps (9) . The cramps werenot confinedto onemuscle,rather various areas of the body were affected, simultaneously. These cramps did not disappear with passive stretching of each muscle. The patient had no pigment urea; the myalgia began when he was 51 years of age, and muscle PGAMactivity was 46.9% of normal mean value. However, in the six documented cases of PGAM deficiency, the onset of symptoms in subjects ranged from 8 to 20 years of age, and the residual PGAMactivity ranged from 2.1% to 9.7% of the normal mean value (Table 2) (1-7). The 3^-MR spectroscopy studies in two patients with PGAM activity 6-10%of the normal meanvalue showedan abnormal peak of phosphomonoesters in the fast exercise test (6, 10), findings which suggested that PGAM may becomethe rate limiting enzyme and block glycolysis during fast exercise in symptomatic cases of PGAM deficiency. In each of the previously reported six cases, the activity of PGAMwas below the level ofphosphofructokinase (PFK), the range being from 46% to 78%of the activity of PFK, the rate-limiting enzyme of the glycolytic pathway (see Table 2 ). The highest level of PGAM activity required to produce symptoms is unknown. In the present patient, the activity of PGAMwas four times higher than the level of PFK. As in our patient, PGAMactivity in muscle biopsies of asymptomatic parents of the second patient reported by Bresolin et al was half the normal mean value, but biopsy showed occasional degenerating muscle fibers (3). Bresolin et al suggested that even partial enzyme deficiency characteristic of this heterozygous condition might lead to fiber necrosis (3). The pathogenesis of the morphological changes seen in the muscle biopsy from our patient is unknown. The muscle cramp was characteristic in the present patient whereas the parents of the second patient were asymptomatic, though enzymic activities were even (3). The only noted difference was diabetic polyneuropathy with obesity and a high serum insulin level. The disturbance of glycogenolysis is one possibility which wouldexplain the mechanismof muscle cramp in our patient. Formsof exercise to evoke muscle cramp in our patient were dynamic, with high but submaximalintensity. The exact nature of exercise, anaerobic or aerobic, is controversial. DiMauroand Tsujino ( 1 1 ) pointed out that anaerobic glycolysis plays a relatively minor role, and is essentially limited to conditions of sustained isometric contraction, when blood flow and oxygen delivery to exercising muscles are drastically reduced. Aerobic glycolysis, on the other hand, is an important source of energy, especially during the more common, dynamic form of exercise, such as walking or running. Accordingly, the pathophysiology of glycogenoses due to de- fects of glycogenolysis or glycolysis relates more to the impairment of aerobic than anaerobic glycolysis (1 1). In the previously reported six patients, the nature of the precipitating exercise was described as intense or strenuous. But in one subject, muscle cramp developed even after climbing stairs (7). In the report of Bresolin et al, painful cramps developed in the thigh, arm and back muscles after running (3). Muscles of the back and arm do not seem to have anaerobic exercise. In another patient, "tight muscles" were experienced after minimal exercise, such as climbing one flight of stairs (10) . Episodes of chest tightness were often precipitated by excitement in another patient and he had to quit his job (2) . The cause of muscle cramps in PGAMdeficiency may not only be confined to disturbance of anaerobic glycolysis but also to that of aerobic metabolism in the muscle. The forearm ischemic exercise test revealed a 3.2-fold increase of lactate from the baseline value in our patient. The activity of lactate dehydrogenase (LDH) of the muscle biopsy was normal. Thus, the final non-lysosomal (anaerobic) pathway of converting pyruvate to lactate was intact. In subjects with hyperglycemic hyperinsulinemic noninsulin-dependent diabetes mellitus, both glycogen synthesis and the concentration of G6Pare about half the normal mean values. The lower concentration of G6Pis consistent with a defect in muscle glucose transport or phosphorylation (12).
Roch-Norlund et al pointed out that muscle glycogen and glycogen synthetase I activity are decreased in patients with diabetes mellitus (13) but such was not the case in our patient. Muscle biopsy revealed increased glycogen concentration in chemical studies and glycogen deposits in histopathological studies. The insulin infusion study on normal controls revealed that activation of pyruvate dehydrogenase (PDH)correlated with sensitivity to insulin and oxidative glucose metabolism. PFK, the rate limiting enzyme of glycogen was not affected by insulin infusion ( 14) ; this study did not clarify the reason for the unaffected PFKactivity. Citrate is the negative effector of allosterical control ofPFK. Inhibition ofPDH may decrease the concentration of citrate which may be partially converted from free fatty acid (FFA), in accordance with the intensity of oxidative exercise. The variable activity of PFKwas not the cause ofglycogen storage in the muscle in our patient. Impaired activity of PDHin aerobic glycolysis might reduce the amount of 2,3-bisphosphoglycerate (2,3-BPG); 2,3-BPG is a by-product of the glycolytic pathway and the activator of PGAM.The reduction of 2,3-BPG might have been at the critical level for glycogen storage in the muscles of our patient with a partial defect of PGAM and NIDDM. This might also explain the muscle cramp, as a result of energy shortage during strenuous aerobic exercise. We did not measure 2,3-BPG. Another consideration is the existence of polyneuropathy. The excitatory substance might induce only susceptible nerve twigs of altered function to discharge in some concentration in polyneuropathy. The action potentials in nerve twigs activate motor units. This corresponding action of altered nerve twigs and muscle fibers might explain the spreading of muscle cramps seen in the present patient (9) . Fasciculation seen in our patient might suggest hyperexcitability of unmyelinated axon terminals. Spontaneous human fasciculation and fasciculation induced by drugs with presynaptic depolarizing action are abolished by low concentrations of curare rather than by blocking neuromuscular transmission. The collision technique shows that fasciculation arises in the distal portions of the motor nerve, regardless of the etiology (9). We had no opportunity to investigate the condition termed by the patient as "prolongation of cramps". This condition might be a specific type of contracture which is electrically silent and occurs only in a few rare disorders, including deficiency of glycogenolytic enzymes (9) .
